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PREFACE 
In this day of increasing population and decreasing natural 
resources, man must continually search for more efficient methods of 
producing foodstuffs. The livestock industry must continue to improve 
its efficiency of production to remain a profitable producer of pro-
tein for the human populace. The pork and poultry industry have 
increased their efficiency of production through extensive use of 
cereal grains which could be utilized as human foodstuffs. Beef 
cattle, on the other hand, have the capability to utilize high roughage 
feedstuffs, such as grasses or crop residues, which are unavailable for 
human digestion. The beef cow, in particular, spends the production 
period of her lifetime on forage with very little grain supplementa-
tion. With this forage diet she must continue to grow, mainta~n body 
weight, reproduce and lactate sufficiently to produce and wean a calf 
yearly. Efficiency of production of the beef cow is difficult and 
expensive information to obtain and therefore information is limited. 
Various methods have been used to either estimate or measure 
cow efficiency. Vanmiddlesworth et al. (1977) used the ratio of calf 
weight to cow weight as an indicator of efficiency. Another method 
used has been to relate cow weights and reproductive ability. Kress 
et al. (1969) based efficiency upon cow size, calf weaning weights, 
estimated and actual TDN consumption and reproductive performance. 
Marshall ~ al. (1976) discussed some factors affecting efficiency. 
The latter defined efficiency as the ratio of total TDN intake of the 
cow and calf to weaning weight of the calf. 
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Selection is the primary means available for improvement of a 
trait. For selection to be effective, superior animals must be identi-
fied as early and accurately as possible. Accuracy of selection is 
dependent upon using predictors which correctly identify the superior 
animals. Further, the accuracy is influenced by the number of records 
per animal and the level of repeatability for the trait being improved. 
If the repeatability of a trait is high, then reasonable accuracy can 
be attained by using only qne record for selection. If the repeat-
ability is low, then more than one record must be used to attain the 
same accuracy. 
The purpose of this study was to estimate the repeatability of 
cow efficiency to weaning and two related traits, weaning weight and 
milk production. Cow efficiency was defined in this study as the ratio 
of total TDN intake of the cow and calf to weaning weight of the calf. 
Further, two methods of estimation of repeatability, intraclass correla-
tion and principal component analysis, were compared. 
cattle 
Cows used in this study were straightbred Angus and Charolais 
plus reciprocal crosses produced in 1970-72. Marshall et al. (1976) 
described the formation of the population. Females were randomly 
allotted by breed at weaning to either drylot or pasture management. 
Pasture management consisted of summer grazing on improved pastures of 
brome grass and alfalfa, reed canary grass and sudan and wintering in 
drylot on corn silage and alfalfa hay. 
Females assigned to drylot management were randomly allotted to 
individual pens within a barn. Cows were allowed access to weighed 
amounts of feedstuffs twice daily. During the remaining time, cows 
lounged in an open dirt lot. 
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Regulating feed level has been a problem in individual feeding 
of animals. Various methods employed have been feeding according to 
metabolic weight (Klosterman et al., 1974; Turner et al., 1974), 
feeding to maintain equal condition of cows by visual appraisal 
(Carpenter et al., 1972) and ad libitum feeding of a low energy density 
ration (Kress et al., 1969; Onks ~ al., 1975). Bowden (1980) indi-
vidually fed cows two levels of a high energy ration, one designed to 
give "normal" growth and the second at 10 percent above the first. 
In this experiment, drylot cows were managed to simulate pasture 
nutrition. Weights were taken every 28 days in both pasture and drylot 
management after an overnight shrink. Feed levels of drylot cows were 
adjusted every 28 days according to weight change of a cow over the 
given period relative to weight change of her contemporaries in pas-
ture. 
Cows were bred by artificial insemination in both pasture and 
drylot management. One sire representing a breed was used each year. 
Breeds used by year are shown in table 1. 
Data for this study were taken from drylot cows and calves from 
weaning 1970 through weaning 1979. Subclass frequencies are given in 
table 2. 
TABLE 1. BREEDING SEASON AND SIRE BREEDS USED FOR 
PASTURE AND DRYLOT MANAGED cowsa 
Breed Breeding Season 
Polled Hereford 1971 
Polled Hereford 1972 
Polled Hereford 1973 
Salers 1974 
Limousin 1975 
Simmental 1976 
Polled Hereford 1977 
Salers 1978 
a All cows were bred by artificial insemination. 
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TABLE 2. SUBCLASS FREQUENCY OF EXPERIMENTAL FEMALES BY 
BREED GROUP, AGE AND YEAR 
Breed Angus Angus x Charo1ais Group 
Age of Dam 
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 
72 10 9 
73 5 6 3 4 
74 4 5 5 5 2 7 
Year 75 5 3 4 5 2 5 
76 4 6 8 3 2 5 
77 4 5 6 4 1 4 
78 3 5 7 3 1 4 
79 3 5 3 4 1 4 
19 16 12 14 16 14 12 3 17 11 12 11 9 9 4 5 
103 74 
Breed Charo1ais x Angus Charo1ais Group 
Age of Dam 
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 
72 8 4 
73 5 6 3 4 
74 5 6 4 5 3 4 
Year 75 5 5 4 
5 4 6 
76 5 4 6 4 3 2 
77 6 4 4 5 2 3 
78 5 3 2 3 1 2 
79 2 1 3 4 1 1 
18 17 14 14 15 9 3 3 12 12 12 14 7 8 3 1 
90 68 
Feeding of Cows 
After weaning in 1970 heifers were offered daily 2.27 kg corn 
silage and a pelleted mixture was offered ad libitum (starter 
ration I) consisting of 24.7% corn cobs, 7.4% corn, 24.7% oats, 
6 . 
7.4% molasses, 24.7% alfalfa pellets, 9.1% soybean meal and 1.2% dura-
bond. On May 6, 1971 1.36 kg chopped hay replaced the corn silage 
and the pellet formulation changed to 24% corn cobs, 27% corn, 
29% oats, 7% molasses, 12% alfalfa pellets and 1% durabond (starter 
pellet II). 
On November 9, 1971 starter pellet II was replaced by alfalfa 
pellets. The amount offered ranged from 4.54-8.40 kg per head per 
day depending upon individual heifer condition. This ration was used 
until the heifers calved in the spring of 1972. Heifers weaned in 
1971 and 1972 received either 0.9 or 1.8 kg of ground shelled corn 
depending on individual condition. In addition they received 2.72 kg 
of chopped alfalfa hay daily. On February 14, 1974 all cows and 
heifers began receiving 4.08 kg of chopped alfalfa hay. 
Feeding regime of cows from calving 1972 to weaning 1979 is 
shown in table 3. Ground ear corn was substituted for alfalfa 
pellets from February 14, 1974 to March 16, 1976 due to economic 
conditions. Cracked shell corn was fed to cows only during lactation. 
Nonlactating cows also received grain supplementation during the 
breeding season, but at reduced levels. Dicalcium phosphate and 
trace mineral salt were offered ad libitum. TDN values of feedstuffs 
offered drylot cows are shown in table 4. 
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TABLE 3. FEEDING REGIME OF COWS FROM CALVING 1972 TO WEANING 1979 
Chopped Cracked 
alfalfa Alfalfa shelled Ground 
hay pellets corn a ear corn 
Period (kg) (kg) {kg~ {kg) 
Calving 72 to 6/5/72 2.72 1.82 
6/6/72 to weaning 72 2.72 3.63-8.17 1.82-4.54 
11/17/72 to 10/31/73 2.72 2.72-8.17 2.27-4.54 
11/1/73 to 2/14/74 2.72 4.54-8.17 
2/15/74 to 11/1/74 4.08 .91-9,53 
11/2/74 to 10/27/75 4.08 .91-9.53 
10/28/75 to 3/16/76 4.08 1.81-5.44 
3/17/76 to 10/29/76 4.08 1.87-9.07 1.36-4.54 
. 10/30/76 to 10/28/77 4.08 3.63-8.62 1.36-3.18 
10/29/77 to 10/27/78 4.08 5.44-8.62 2.27-3.63 
10/28/78 to 10/26/79 4.08 5.44-9.98 1.36-2.27 
aOffered only during lactation. 
TABLE 4. INTERNATIONAL NUMBER AND TOTAL DIGESTABLE NUTRIENT 
PERCENTAGE OF FEEDSTUFFS OFFERED DRYLOT MANAGED COWS 
Feedstuff International NumLer Percent TDN 
Corn silage 3-08-153 70.0 
Ground ear corn 4-02-849 85.0 
Alfalfa pellets 1-00-059 57.0 
Chopped alfalfa hay 1-00-063 55.0 
Corn grain 4-02-931 91.0 
* Starter Ration I 62.2 
* Starter Ration II 71.0 
* TDN obtained by chemical analysis. 
TABLE 5. COMPOSITION OF CREEP RATIONS FROM 1972 TO 1979 
Percent of Ration 
8 
Ingredient 1972-Ia 1972-II 1973 1974-77 1978-79 
Cracked corn 50 65 65 70 55 
Oats 25 10 10 15 10 
Soybean oil meal 5 5 5 5 5 
Alfalfa pellets 10 10 10 20 
Chopped alfalfa hay 10 10 10 10 10 
Vitamin A (IU/kg) 8800 
Percent TDNb 80.6 82.9 82.9 85.0 82.8 
a Ration I was fed initially but was changed on September 4 due to 
incidence of bloat. 
b Dry matter basis. 
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Handling of Calves and Creep 
Calves were allowed to nurse twice daily while cows were feed-
ing. During the day, calves were maintained separate from cows in a 
hard surfaced pen with access to shade and water. At night, calves 
were allowed ad libitum access to weighed amounts of creep. Creep 
rations and estimated TDN values are shown in table 5. Two different 
rations were fed in 1972. Ration I was available from July 5 until 
September 4, at which time .it was replaced with Ration II due to bloat 
problems. Alfalfa pellets were added in 1978 and 1979 to accustom 
calves to consuming pellets in preparation for the finishing phase. 
Management Dates and Trait Measurement 
Important management dates are shown in table 6. 
Milk production was estimated by the weigh-suckle-weigh method. 
Progeny were separated from their dams overnight, weighed at 0700 h, 
allowed to nurse and reweighed. Ca lves remained separated from their 
dams and the process was repeated at 1600 h. The sum of the differ-
ences in pre- and postnursing weight was considered an estimate of 
24-hour milk production. Six daily measures were collected in 1972 
and 1974-1977, but due to mechanical problems only four measures were 
taken in 1973. Totus ek et al. (1973) found a correlation of 0.91 
(P<.Ol) betwe en four daily measures and 210 day milk yield. Addition 
of a fifth measure increased the correlation only to 0.93 (P<.Ol). 
For this reason, only four daily measures were collected in 1978 and 
1979. Dates used are shown in table 6. 
TABLE 6. IMPORTANT MANAGEMENT DATES 
Item 1972 1973 1974 1975 1976 
Creep feed started July 5 June 8 May 14 May 7 May 24 
Milk production measured June 8 June 12 June 4 June 3 May 26 
July 7 July 10 July 2 July 1 June 22 
Aug 31 Aug 28 Aug 27 Aug 26 Aug 17 
Sept 28 Sept 25 Sept 24 Sept 23 Sept 14 
Calves weaned Nov 20 Nov 2 Nov 1 Oct 31 Oct 29 
1977 1978 
May 5 June 16 
June 7 June 13 
July 5 July 11 
Aug 30 Sept 5 
Sept 27 Oct 3 
Oct 28 Oct 27 
1979 
May 23 
June 12 
July 11 
Sept 4 
Oct 2 
Oct 26 
..... 
0 
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Cow condition was estimated at calving and weaning as_ the ratio 
of wither height to body weight. Cow weight was calculated as the 
average of fourteen weights taken over the thirteen 28-day periods. 
Statistical Procedures 
Least-squares procedures (Harvey, 1978) and principal component 
analysis (Nie et al., 1975) were used to derive repeatability esti-
mates for cow efficiency to weaning, weaning weight and milk produc-
tion. Two separate variables were considered for milk production, the 
total of the four daily measures which shall be referred to as total 
milk and the sum of the morning measures only, which is referred to as 
am milk. 
Intraclass Correlation 
Prior to estimation of repeatability, a stepdown procedure was 
performed with a general linear regression model (Barr et al., 1979). 
This was done to reduce the number of variables to only those signifi-
cantly (P<.20) affecting the dependent variables. The initial model 
included independent variables considered to be sources of variation. 
Independent variables included were breed group of cow, year, age of 
dam, sex of calf and all two factor interactions. Three factor and 
higher order inte ract i ons were assumed to be zero. In addition, wean-
ing age of calf, cow weight, previous parity, cow condition at calving 
and cow condition at weaning were included as continuous independent 
variables. 
The initial model used for efficiency to weaning, weaning weight 
and milk production was Yijklmnopqr = ~ + Bi + Tj + Ak + S1 + B1Gm + 
(AS)kl + ei.kl where J mnopqr 
~ is the overall mean common to all effects 
Bi is the effect common to the ith breed group of dam 
Tj is the effect common to the jth year 
~ is the effect common to the kth age of dam 
s
1 
is the effect common to the lth sex of calf 
B
1
Gm is an estimate -of the partial linear regression of the 
dependent variable on weaning age of calf 
B
2
Mn is an estimate of the partial linear regression of the 
dependent variable on cow weight 
B3Po is an estimate of the partial linear regression of the 
dependent variable on previous parity 
B
4
C is an estimate of the partial linear regression of the . p 
dependent variable on cow condition at calving 
BSFq is an estimate of the partial linear regression of the 
dependent variable on cow condition at weaning 
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(BT) ij refers to the interaction of the ith breed group of .dam 
d h .th an t e J year 
. th 
(BA)ik refers to the interaction of the i · breed group of dam 
th of dam and the k age 
th 
(BS)
11 
refers to the interaction of the i breed group of dam 
th of calf and the 1 sex 
i f h .th d h th (TA)jk refers to the interact on o t e J year an t e k age 
of dam 
13 
th th 
(TS)jl refers to the interaction of the j year and the 1 
sex of calf 
th 
(AS)kl refers to the interaction of the k age of dam and 
the lth sex of calf 
eijkl is the random effect peculiar to the ith breed 
mnopqr 
th th th 
group of dam, j year, k age of dam, 1 sex of calf, 
th th th m weaning age of calf, n cow weight, o previous 
th th 
parity, p cow condition at calving and q cow condi-
th 
tion at weaning that causes the r observation to deviate 
from the expected mean. 
All effects were considered as fixed, except for error which was 
assumed to be random and normally distributed. (TA)jk was estimated 
by difference due to experimental design. 
Preliminary analysis resulted in unrealistic age of dam constants 
because of an unbalanced distribution of observations per age of dam 
subclass. The small number of nine year old cows contributed greatly 
to this unbalance so they were dropped from subsequent analysis to 
remove this source of extraneous variance. 
Due to experimental design, a partial dependency existed between 
age of dam, year and cow effects. Preliminary analysis showed signifi-
cant age of dam effects for cow efficiency (P<.Ol) and weaning weight 
(P<.06). Additive age of dam adjustment factors were derived from the 
data to obtain adjusted cow efficiencies. Adjusted weaning weights 
were obtained us~ng BIF (1976) age adjustment factors. Age adjusted 
and unadjusted values for cow efficiency and weaning weight were ana-
lyzed separately. 
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Two linear models were used to estimate variance components. 
Model I for cow efficiency was Yijklmnop = ~ + Ti + Bj + Ck(j) + s1 + 
BlGm + B2Fn + B3M0 + (TB)ij + (TC)ik(j) + (TS)il + eijklmnop where 
~ is the population mean 
Ti is the effect of the 
. th 
1 year 
Bj is the effect of the 
.th 
breed group of dam J 
ck(j) is the effect 
th . th 
of the k cow in the J breed group of 
dam 
th s
1 
is the effect of the -1 sex of calf 
B
1
Gm is an estimate of the partial linear regression of the 
dependent variable on weaning age of calf 
B2Fn is an estimate of the partial linear regression of the 
dependent variable on cow condition at weaning 
B
3
M
0 
is an estimate of the partial linear regression of the 
dependent variable on cow condition at calving 
(TB)ij refers to the interaction of the ith year and the 
th j breed group of dam 
(TC)ik(j) refers to the interaction of the ith year and the 
kth cow in the jth breed group of dam 
(TS)
11 
refers to the interaction of the ith year and the 
1th s ex of calf 
h d ff 1 . t h .th eijklmnop is t e ran om e ect pecu 1ar o t e 1 year, 
jth breed group of dam, kth cow in the jth breed group of 
th th th 
dam, 1 sex of calf, m weaning age of calf, n cow 
th 
condition at weaning and o cow condition at weaning. 
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All effects in the model were considered to be fixed, except for cow 
and error, which were assumed to be random, normally distributed vari-
ables. 
Cattle are able to produce only one calf per year, therefore 
only one record per cow could appear in any breed-year subclass. Thus, 
the year by cow within breed group interaction and the within cow 
error effects were completely confounded. 
Using least squares procedures, the equations for ~, year, 
breed group of dam, sex of calf , year by breed group of dam interaction, 
year by sex of calf interaction and the continuous variables were 
developed. The remainder term was composed of the pooled effects of 
cow within breed group of dam and year by cow within breed group of 
dam interaction plus error effects. The expectation of the mean square 
2 2 2 
(MSI) for remainder was E(MSI) = ae + a(TC) + crc. 
A second model was derived on a within breed group basis as 
follows: y = ~ + T. +C.+ Sk + B1G1 + B2F + B3M + (TC) .. + ij klmno 1. J m n l.J 
(TS)ik + eijklmno where 
1..1 is the population mean 
is the effect of the 
. th year Ti 1. 
cj is the effec t of the 
.th 
J cow 
sk is the effect of the 
kth sex of calf 
BlGl is an estimate of the partial 
linear regression of the 
dependent variable on weaning age of calf· 
B
2
Fm is an estimate of the partial linear regression of the 
dependent variable on cow condition at weaning 
B
3
Mn is an estimate of the partial linear regression of the 
dependent variable on cow condition at calving 
(TC)ij refers to the interaction of the ith year and the 
th 
j cow 
(TS)ik refers to the interaction of the ith year and the 
kth sex of calf 
16 
is the random error associated with the th record of e 0 
ijk.lmno 
the 
th .th kth sex of calf, lth weaning age of i cow, J year, 
calf, m 
th cow condition at weaning, and 
th 
condition at n 
calving. 
Cow and error effects were assumed to be random and all other effects 
were considered fixed. As in model I, the confounding of cow and year 
resulted in the inability to separate the year by cow interaction and 
error effects. 
For model II, ~ and cow effects were absorbed and equations 
were developed for the remaining effects. Overall mean squares for 
remainder (MSII) were obtained by summing the remainder sum of squares 
for each breed group and dividing by the corresponding sum of degrees 
of freedom. The expectation of the mean square for remainder was esti-
mated as E(MSII) 
MQdel I and II for weaning weight, total milk and am milk are 
shown in table 7. 
TABLE 7. FINAL MODELS FOR WEANING WEIGHT, TOTAL MILK AND 
AM MILK PRODUCTION 
Weaning Weight 
Model I 
yijklmno = ~ + Ti + Bj + Ck(j) + 81 + TlGm + B2Wn + (TB)ij + 
(TC)ik(j) + eijklmno 
Model II 
yijklmn = ~ + Ti + Cj + 8k + BlGl + B2Wm + (TC)ij + eijklmn 
Total Milk 
Model I 
yijklmnop = ~ + Ti + Bj + Ck(j ) + BlGl + B2Fm + B3Mn + B4Po + 
(TB)ij + (TC)ik(j) + eijklmnop 
~odel II 
e ijklmno 
AM Milk Production 
Model I 
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yijklmno = ~ + Ti + Bj + Ck(j) + BlFl + B2Mm + B3Pn + (TB)ij + 
(TC)ik(j) + eijklmno 
Model II 
~ = the population mean T = year B = breed of dam C = cow 
X = sex of calf G = weaning age of calf W = cow weight 
F = cow condi tion at weaning M = cow condition at calving 
P = previous parity B. = partial linear regression coefficient 
of following term e =1 random error associated with dependent 
variable 
Nonsubscripts in brackets denote interactions, subscripts in 
brackets denote preceding subscript is nested within bracketed 
term. 
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.Principal Component Analysis 
Princi pal component anal ys is was the second method used to 
estimate repeatability. Abeywardena (1972) suggested that principal 
component analysis may serve as a better estimator of repeatability 
than intraclass correlation. He suggested that principal component 
analysis correctly removed the variance from periodic elements. 
Further, h e suggested intraclass correlation did not remove this 
variance which resulted in an inflated denominator and thus produced 
an estimate of repeatabili ty which was biased downward. 
Factor analysis is a mult i variate statistical procedure used 
primarily as a tool i n reduction of l arge data sets. This data reduc-
tion is accomplished through a procedure by which correlation coeffi-
cients for a . set of variables are analyzed to locate any underlying 
pattern of relat i onships. Principal component analysis is a variation 
of factor analysis which considers a linear combination of the vari-
ables. Using t his procedure, a theoretical component is entered which 
accounts for the maximum amount of variation from the underlying 
pattern of relationships. This variation is removed and a second 
component is entered which removes the maximum amount of variation 
from the residual variation. This process continues until all varia-
tion is accoun ted for and in almost all cases as many components as 
there are variables are needed t o remove all variation. 
The principal component model may be expressed as: Zj = ajiFl + 
• • + a. Fn where 
Jn 
Zj is a standard score for variabl e j 
aji is a standardized mul tiple regression coefficient of 
variable j on factor i and 
Fi is the ith theoretical factor. 
Abeywardena (1 972 ) suggested the first factor entered removes 
the common variance shared between repeated observations. This 
common variance would be composed of elements of variance which are 
present throughout the lifetime of the cow. The remaining variation 
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consists of variation not repeated across observations. The variance 
n 
due to the first factor is equal to [ 
j=l 
2 
a where n represents the 
ji 
number of records and a .. is the multiple regression coefficient. 
]1 
Since principal component procedure requires normalization of the 
observations by calculation of the correlation matrix, the variance of 
each observation is 1, thus the total variance in the data equals the 
number of observations in the set. The proportion of the total vari-
n 2 
ance accounted for by factor one is therefore (.E a. 1 ) which J=l J 
represents Abeywardena 's repeatability estimate. 
The procedure used in this analysis was to calculate correla-
tions between records of each individual animal. Age adjusted and _ 
unadjusted values for cow efficiency and weaning weight were analyzed, 
as well as unadj usted values for total and am milk. A separate corre-
lation matrix was derived f or cow efficiency, adjusted cow eff iciency , 
weaning weight, adjusted weaning weight, total milk and am milk. 
Principal components were calculated for each matrix using the 
SPSS factor analysis program (Nie et al., 1975). The first component 
entered and the proportion of variance was used as the initial princi-
pal component estimate of repeatability. 
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Rutledge (1974) using simulation results suggested that 
repeatability estimates obtained by principal component analysis were 
biased upward when repeatabili ty was low and there were small numbers 
of records per individual. He suggested a scaling to remove this 
bias which may be represented as f ollows: R = (A-1/P)(P/(P-1)) where 
R represents the repeatability 
A represents Abeywardena's repeatability estimate and 
P represents the number of observations per individual. 
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INTRODUCTION 
The beef cattle industry must continue to improve efficiency of 
meat product ion to remain a profitable producer of protein. In addi-
tion, it is becoming imperative with an ever increasing human popula-
tion that man produce red meat using noncompetitive feed sources. The 
beef cow utilizes a high roughage diet to produce red meat in the form 
of a calf. Information is limited on the efficiency of production of 
the cow through weaning primarily due to the prohibitive cost of 
obtaining such information. 
For improvement to be made in efficiency, identification of 
superior ~eef cows must be made as early and as accurately as possible. 
Identificat ion is dependent upon locating measurable factors which 
account for variation in efficiency. Marshall et al. (1976) identi-
fied weaning weight and milk production as two important sources of 
variation for cow effic iency. Kress et al. (1969) and Carpenter et al. 
(1972) concluded that higher milking cows were more efficient. Accu-
racy of selection is influenced by the number of records per individual 
and the repeatability of the trait. No estimates of the repeatability 
of cow efficiency are available. Vanmiddlesworth ~ al. (1977) esti-
mated repeatability of a gross estimate of efficiency, the ratio of 
calf weight to cow weight. They obtained values of .52 and .42 for 
Hereford and Angus cows. 
The purpose of this study was to estimate the repeatability of 
cow efficiency and two related traits, weaning weight and milk 
production. In addition~ two methods of estimation~ intraclass 
correlation and principal component, were compared. 
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MATERIALS AND METHODS 
Source of Data -- ----
Straightbred Angus and Charolais and reciprocal crosses of 
these breeds were produced from 1970 through 1972. Marshall et al. 
(1976) described the origin and handling of cattle through the first 
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three calf crops. Cows within a breed group were paternal half-sibs. 
Cows were r andomly allotted to either a drylot or pasture management 
regime. Pasture management consisted of summer grazing on improved 
pastures of brome grass and alfalfa, reed canary grass and sudan. 
Pasture cows were wintered in drylot on corn silage and alfalfa hay. 
Drylot cows were individually fed weighed amounts of feed throughout 
the year. Feed for drylot cows consisted of chopped alfalfa hay 
(IFN 1-00-063), alfalfa pellets (IFN 1-00-111) and cracked corn 
(IFN 4-02-931 ) . Corn was fed only during lactation. Ground ear corn 
(IFN 4-02-849) was substituted for alfalfa pellets and cracked corn in 
1974. 
Quant ity of pellets was varied f or each cow dependent upon 
her individual weight change r e lative t o that of her half-sib contempo-
rary age and parity group in pasture management over the same 28 day 
period. This was an at tempt to s imulate pasture feeding conditions in 
the drylot. Figure 1 shows yearly means of average cow weight for dry-
lot and pasture cows. 
Data for this study were collected from drylot ·cows and progeny 
for the years 1972 thr ough 197 9 which comprised a total of 346 cow-year 
records. 
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Figure 1. Cow weight of pasture and drylot cows. 
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All cows were bred art i f icially to calve first as two year olds. 
All cows were bred to one s ire each year. This resulted in complete 
confounding of sire and year effects. Sire breeds and breeding season 
were Polled Hereford (1971, 72, 73 , 77), Salers (1974, 78), Limousin 
(1975) and Simmental (1976) . Breeding seasons averaged 59 ± 4 daJ s. 
Cows were removed fr om the project for infertility as heifers, 
failure to wean a calf two consecutive years, severe or repeated pro-
lapse, hardware disease, unsoundness, temperament, double muscling or 
failure to milk. 
Progeny were allowed to nurse only twice daily while cows were 
feeding to p r event any crossfostering of calves. Calves were given 
ad libitum a ccess to weighed amounts of creep nightly. Creep feed 
ranged from 80. 6 to 85.0% TDN on a dry matter basis. During the day 
calves were maintained together i n an outside pen separate from cows. 
All bull calves were castrated just prior to weaning. 
Trait Measurement 
All cows were weighed every 28 days. Weight and wither height 
measurements were obtained at parturition and weaning. Cow TDN was 
total intake of the cow from weaning of t he previous year until wean-
ing of the calf the next year . Calf TDN was that amount received 
from creep f eed only. Weaning effici ency was calculated as the ratio 
of the sum of cow and calf TDN to un adjusted weaning weight of the 
calf. Cow weight was calculated a s the average of 14 ·twenty-eight 
day weights taken f r om weaning t o wean ing. The ratios of weight at 
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calving and weaning to wither-height were used as estimates of cow 
condition. Weight to height ratios have been used as an indicator of 
fatness by sever al workers (Klosterman et al., 1968; Lindsey et al., 
1970; Marshal l et al., 1976). Two classes of previous parity were 
considered : (1) those cows tha t did not wean a calf the previous 
year and (2) cows which weaned a calf the preceding year. 
Milk production data were collected by the weigh-suckle-weigh 
method (Neville, 1962). Calves were separated from their dams over-
night and milk production was estimated at 0700 and 1600 h. The sum 
of the 0700 and 1600 h measures was considered an estimate of daily 
milk production. Totusek et al. (1973) found a correlation of .91 
between four daily weigh-suckle-weigh measures and 210 day milk yield. 
For that reason, four daily measures were obtained throughout lacta-
tion and used as an estimate of annual milk yield which shall be 
referred to as total milk. A second estimate of milk production was 
obtained by summing only the morning measures. This estimate shall 
be referred to as am milk. 
Analysis of Data 
Least-squares procedures (Harvey, 1978) and principal component 
analysis (Nie et al., 1975) were used to derive repeatability estimates 
for cow effic·ency to weaning, weaning weight and milk production. 
A general linear regression model (Barret al., 1979) was used 
to perform a stepdown analysis for each dependent variable to delete 
independent variables which were not important (P>.20) sources of 
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variation . I ndependent variables considered were breed group of cow, 
year, age of dam, sex of calf, plus all two factor interactions among 
these variables. In addition , weaning age of calf, cow weight, pre-
vious parity , cow condition at ca lving and cow condition at weaning 
were included as continuous independent variables. Breed group of 
dam was included i n all models even t hough it did not always attain 
significance at .20. 
Due to experimental de s ign, a partial dependency existed 
between age of dam , year and individual cow effects which prevented 
simultaneous solution for t hese effects. Preliminary analysis indi-
cated age of dam s i gnificantly affected (P<.06) cow efficiency and 
weaning weight. Adjusted weaning weight s were obtained using BIF 
(1976) age of dam adjustment fac t ors. Industry standards were unavail-
able for cow efficiency so age of dam adj ustment factors were derived 
from the data. The b iases due to double analysis of data were 
realized, therefore cow efficiency and weaning weight were analyzed 
separately with and wi t hout age of dam adj ustments. 
Repeatability is defined as cr2 /(cr
2
+cr
2
) where cr
2 
is the va riance c c e c 
among cows and a2 is the within cow variance component. 
e 
Two linear model s wer e used to estimate variance components. 
MOdel I fo r cow efficiency was def ined a s 
y ~ ~ + Ti + Bj + Ck{j) + s1 + (TB)ij + (TC)ik(j) + Ts11 + 
blGm + b2Mn + b3Fo + eijklmnop 
where y was a measurement of the pth cow effi ciency of lth sex of calf, 
kth cow in t he jth breed group of dam, and i t h year. Linear regression 
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effects of calf age, cow condition at calving anc cow condition at 
·weaning were r epresented as h
1
, b
2 
and b
3 
respectively for the 
dependent variable cow efficiency. Nonsubscripted effects enclosed in 
parentheses denote interaction terms and subscripts in parentheses 
· denote that the preceding subscript is nested within this term. 
A separate analysis was made for each breed group using model II. 
MOdel II was identical to model I except all breed effects were removed 
from the model. 
Cat tle are able to produce only one calf per year, thus only one 
record per cow could appear in any breed group-year subclass. There-
fore year by cow within breed group (TC) and within cow error effects 
were confounded for both model I and II. The expectation of the 
remainder mean square for model I (MSI) was estimated as E(MSI) = 
a2 + o2 +oZ . Model II remainder sum of squares and degrees of free-
e TC c 
dom were pooled over all breed groups and the remainder mean square was 
estimated by dividing the pooled sum of squares by the corresponding 
pooled degrees of freedom. The expectation of the remainder mean 
0
2 2 
square for model II (MSII) was estimated as E(MSII) = e + crTC (Walters, 
1975). An est imate of repeatability (r) was obtained by combining the 
remainder mean squares from the two analyses as follows: 
MSI - MSII 
A 
MSI 
r = 82 + 82 + 82 
e TC c 
(Walters, 1975) 
The variance due to the interaction of year and cow within breed group 
would be a part of the total within-cow variance if it was a real 
effect and does not lead to a bias in the repeatability. 
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The same procedure was used to estimate repeatability of weaning 
weight and milk production. Effects included after final step-down 
analysis for model I and II are shown in table 8. Standard errors 
for repeatability were estimated according to Swiger et al. (1964). 
Principal component analysis is a multivariate technique for 
reducing a s et of correlated variables to a smaller set of statisti-
cally independent linear combinations . This technique attempts to 
identify components which account for interrelationships among the 
original measurements. Comrey (1973) provides a more detailed descr i p-
tion of the technique. 
Abeywardena (1972) suggested that principal component analysis 
may provide a better estimate of repeatability than intraclass corre-
lation. He demonstrated that the intraclass correlation did not 
properly remove periodic components of variance from the denominator 
of repeatability estimates and thus was biased downward, while the 
principal component procedure correctly accounted for this periodic 
influence. 
For each of the dependent variables, cow efficiency, adjus ted 
cow efficiency, weaning weight, adjusted weaning weight, milk produc-
tion and am milk, correlations between individual records of each cow 
were used to derive a correlation matrix. This matrix was used as 
input to obtain the principal components and variance associated with 
each component through use of the factor subroutine of SPSS (Nie 
~ al., 1975) . 
TABLE 8. MODEL I AND II FOR COW EFFICIENCY, WEANING WEIGHT, MILK PRODUCTION AND AM MILK 
Breed Year Year Calf age Pre- Cow 
of Calf X X at Cow vious condition 
Year dam Cow sex breed cow weaning weight parity Spring Fall 
Model 
I 
a b 
Cow X z X X X X X X X 
efficiency 
II X X X X X X X 
Weaning I X z X X X X X X 
weight 
I I X X X X X X 
Milk 
I X X X X X X X X X 
production 
II X X X X X X X 
AM 
I X X X X X X X 
milk II X X X X X 
a P<.-20. 
b P>.20 but remained in model. 
~ 
w 
0 
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The first component entered in principal component analysis 
explains t he largest amount of variance in the structure of the corre-
lation mat rix. Abeywardena (1972) s uggested that this could be con-
sidered an e s timate of repeatability as it represents common variance 
shared betwe~n records or e lem nts of variance which are present 
throughout the lifetime o f the cow. In this study, the variance 
accounted fo r by the first component entered was used as an estimate 
of repeatability. 
Rut l edge (1 974 ) suggested that Abeywardena's estimate of repea t-
ability wa s biased upward for ~mall numbers of records per individual 
and trait s with low repeatability. A scaling procedure he derived to 
remove this b ias was applied t o the principal component estimates to 
obtain a second estimate of repeatability . 
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RESULTS AND DISCUSSION 
Means and standard errors describing the population are listed 
in table 9 . The cow weight to height ratios indicate that cows 
increased in nondition from calv ing to weaning. Cow TDN intake was 
higher than values reported by ~arpenter et al. (1972) and Turner 
et al. (1 974). Differences may have been due to different feeding 
practices , different energy density rations or to increased cow 
maintenance requirements from colder climatic conditions. 
Age of dam additive adjustment fac tors for cow efficiency and 
BIF age o f dam adjustment f actors f or weaning weight are shown in 
table 10. Cows became more efficient with increasing maturity; 
however, age of dam effects were inconsistent with increasing age. 
Least-squares means, standard errors and partial regression 
coefficients for variables r emaining in t he f inal models after step-
down elimination are shown in table 11. Cow efficiency and cow 
adjusted efficiency were significantly (P<.OS) affected by sex of calf, 
year, weaning age of cal t and cow condition at calving and weaning. 
Cows weaning bull calves were 8.5 percent more efficient than those 
with heifer calves . This difference may be of importance if a prac ti-
cal method of sex differ entiation becomes available. The regression 
coefficient for calf age at weaning (b = - .036) indicates a beneficial 
effect on cow eff iciency with increasing calf age. This is primarily 
from associated calf weight increases with increasing age. The 
regression coefficients for cow conditions (b = .90 and -.47) indicate 
TABLE 9. MEANS AND STANDARD ERRORS OF 
DRYLOT DAM AND PROGENY TRAITS 
Item Mean 
Average cow · eight (kg) 460 
Cow weight /he i ght at calving (kg/em) 3.82 
Cow weight/height at weaning (kg/em) 3.97 
Calf age at weaning (days ) 203.6 
Cow TDN intake (kg) 2289 
Calf TDN intake (kg) 221 
Total TDN intake (kg) 2510 
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Standard 
error 
2.47 
.01 
.01 
.39 
11.1 
3.81 
12.31 
TABLE 10. ADDITIVE AGE OF DAM ADJUSTMENT FACTORS FOR 
COW EFFICIENCY AND WEANING WEIGHT 
Cow Weaning weight a 
efficiency Bull Heifer 
Age of dam (kg/kg) (kg) (kg) 
2 .13 60 54 
3 .39 40 36 
4 .22 20 18 
5 -.37 0 0 
6 0 0 0 
7 -.44 0 0 
8 - .21 0 0 
a BIF (1976). 
TABLE 11. LEAST-SQUARES MEANS, PARTIAL REGRESSION COEFFICIENTS AND STANDARD - ERRORS FROM FINAL STEP-DOWN ANALYSIS 
Adjus t ed Adjusted 
Cow cow Weaning weaning Total AM 
Item efficienc~ efficiency weight weight milk milk 
a Breed of dam ** ** 
AA 11.03 ± .11 11.01 ± .10 230.9 ± 2.4 238.8 ± 2.5 23.6 ± 0$5 16530 ± . 38 
AC 11.17 ± . 13 11.14 ± .12 233.6 ± 2. 7 242 . 6 ± 2. 7 22.4 ± 0.6 15.22 ± .45 
CA 10.94 ± .13 10.95 ± .12 231.3 ± 2.7 241.7 ± 2. 8 21.4 ± 0. 6 14 .84 ± • 46 
cc 11.24 ± .14 11.22 ± . 14 227.5 ± 3.1 238.9 ± 3.2 20.9 ± 0.6 13 . 91 ± .49 
Sex of calf ** ** ** ** Bull 10. 64 ± .09 10.64 ± .08 241.6 ± 1. 8 251.4 ± 1.9 
Heifer 11 . 55 ± .09 11.54 ± .09 220 . 1 ± 1.8 229.6 ± 1. 9 
Year ** ** ** ** ** ** 
1972 11. 75 ± .21 11.88 ± .20 22 9. 7 ±. 4. 7 252.4 ± 4.9 19.1 ± 1.1 13.29 ± .81 
1973 10.45 ± .20 10.69 ± .19 227.2 ± 4.3 246.4 ± 4.5 16.6 ± 0.9 14.15 ± .64 
1974 11.46 ± .14 11.70 ± .14 218.9 ± 3.0 235.6 ± 3.1 23.0 ± 0.6 15.48 ± .50 
1975 . 10.65 ± .14 10.73 ± .14 224.4 ± 3.1 233.4 ± 3.2 20.7 ± 0.7 14.14 ± .51 
1976 9.93 ± .15 9.90 ± .15 244.4 ± 3.2 247.5 ± 3.3 24.3 ± 0.7 16.52 ± .53 
1977 9.97 ± .15 9.66 ± .15 259.7 ± 3.3 260.9 ± 3.4 25.2 ± 0.7 16.81 ± .54 
1978 12.28 ± .19 12.14 ± .18 223.0 ± 4.1 225.6 ± 4.2 24.5 ± 0.9 15.75 ± .67 
1979 12.26 ± .26 11.95 ± .25 219.3 ± 5.5 221.7 ± 5.6 22.9 ± 1.2 14.32 ± .88 
a AA = Angus x Angus, AC = Angus x Charo1ais, CA = Charo1ais x Angus, CC = Charo1ais x Charo1ais. 
** P<.01. 
·~ 
w 
~-
Item 
Calf age at 
weaning 
(Linear B) 
Cow condition 
at calving 
(Linear B) 
Cow condition 
at weaning 
(Linear b) 
Previous parity 
(Linear b) 
Cow weight 
(Linear b) 
·~ 
* p <.-05. 
** P<.Ol. 
TABLE 11. (Continued) 
Adjusted Adjusted 
Cow cow Weaning weaning 
efficiency eff iciency wei ght weight 
** ** ** ** 
-.036 ± .004 - .037 ± .004 2 .32 ± . 19 2.33 ± . 19 
** ** 
-.47 ± .20 -.52 ± .19 
** ** 
.90 ± .28 .83 ± .27 
** 
.11 ± • 04 .05 ± .04 
·rotal 
mi lk 
** 
-.12 ± • 04 
* 
AM 
ruilk 
5.12 ± 2.01 2.62 ± 1.56 
-4 . 18 ± 2.82 -2.36 ± 2.16 
* 2.58 ± 1.41 2.56 ± 1.08 
w 
Vt 
that cows in bet ter condition at calving were more efficient, while 
fatter cows at weaning were less efficient. Marshall et al. (1976) 
and Bowden ( 980) also concluded that fatter cows at weaning were 
less effici ~nt . These results, however , disagree with Kress et al. 
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(1969) who s gested that fat t er cows at calving were less efficient. 
From t his s t dy, it would appear that cow condition at weaning has a 
greater aff ct on cow efficiency than cow condition at calving and 
increased cow condition during lactation has a detrimental effect on 
cow efficiency. 
Breed group f dam was not an important source of variation 
for cow efficiency. Similar results have been reported by Holloway 
et al. (1975) and Bowden (198D) using different breeds of cattle. 
Cow size was not an important source of variation for cow effi-
ciency as was also reported by Onks ~ al . (1975), Marshall~ al. 
(1976) and Bowden (1980). Conversely, Kress et al. (1969), Carpenter 
~ al. (1972) and Klosterman et a1. (1974) indicated that lighter 
cows may be more efficient; however, only Kress and co-workers 
reported a significant effect. These resul ts . tend to indicate that 
cow size affects on cow efficiency are near zero and differences 
between s tud ies may be due to sampling dif f e r ences. 
Weaning weight of the calf was significantly affected by year, 
sex of calf , weaning age of calf, and cow weight (table 11). Bull 
calves were 21 kg heavier than heifer calves at weaning. This was a 
larger difference than was reported by Bair et al. (1972) using non-
creep fed calves and similar to the 24 kg advantage reported by 
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Martin et al~ (1981) with creep fed calves. 
Older calves at weaning were a lso heavier. The partial regres-
sion coefficient for cow size (b = .11) indicated a small positive 
effect o f cow size on calf weaning weight. Charolais cows did not 
produce heavier calves at weaning des pite their weight advantage over 
the smaller Angus cows. This may suggest that calves with Charolais 
dams were slower maturing and the calves may have differed in condi-
tion at weaning. 
Cow condition had no affect on weaning weight. However, cow 
condition did significantly affect cow efficiency. As cow efficiency 
is defined as the ratio of cow and cal f TDN to weaning weight, it 
would seem logical to assume that cow condition had a significant 
affec t on cow and calf TDN intake. 
. \ 
Year, breed group of dam, calf a ge at weaning and cow condi-
tion at calving were significant sources of variation for total milk 
(table 11). Am milk was affected by similar f actors as total milk, 
with t he exception of calf age at weaning (table 11). Angus dams 
produced 2. 74 and 2.39 kg more milk than Charolais dams for the total 
milk and am milk estimates respectively. These results disagree with 
work done by Melton et al. (1967) who found that over a 175 day 
collect ion period Charolais cows produced 18% more milk than Angus . 
The difference reported here may have been due to a greater persistency 
of lactat ion in Angus cows. Notter et al . (1978) showed that Charo1a.is 
cross cows produced more milk than Angus a t ·the beginning of lactation; 
however, at 184 days of lactation, Angus cows produced more milk. 
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The regression of cow condition at calving on milk production 
(b = 5. 12 for t otal milk and 2.62 for am milk) indicates that cows in 
better condi ion a t calving would be expected to produce more milk 
than cows in poor condition. Conversely, the regression of cow condi-
tion at wean ing on milk production (b = -4.18 for total milk and -2.36 
for am milk) could be used as an i ndicator of poorer milk producing 
cows. 
Increasing calf age at weaning had a negative effect on the 
total milk est imate (b = -. 12). Because calves were all weaned on the 
same date , calf age at weaning differences were due to differences in 
birth date. Calves which were born earlier in the calving season 
resulted in the ir dams being at a later stage in lactation when milk 
product ion estimates were obtained. This resulted in lower estimates 
of milk production from cows with older calves at weaning. The 
regression coefficients for previous parity (b = 2.58 for total milk 
and 2. 56 for am milk) indicate that cows which weaned a calf the 
previous year produced more milk the subsequent year. However, this 
estimate is influenced by inclusion of records from heifers. 
Age of dam effects were not a significant source of variation 
for either total or am milk. This was in contrast with previously 
published reports (Melton et al., 1967; Rutledge et al., 1971; Neville 
et al., 1974; Robison et al., 1978). The general conclusion they 
reached was that milk production increased as cow age in.creased to 
maturity where it remained stable until declining gradually in older 
cows. Age of dam differences in this study may have been due to poor 
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estimation o f age of dam affec ts because of uneven distribution across 
years or differ ences may have resulted due to drylot management of the 
cows . Ana lys is of cat tle managed under pasture feeding indicated 
significant a ge of dam affects . Age of dam constants for drylot and 
pasture manage cows a r e shown in t able 12. These constants suggest 
that age o f dam differences were reduced under drylot management, 
while cows in pasture management demonstrate age of dam differences 
comparable to previously reported work. 
TABLE 12 . MILK PRODUCTION AGE OF DAM CONSTANTS FOR 
DRYLOT AND PASTURE MANAGED CATTLE 
Cow a ge Dry lot 
2 1.02 
3 -.34 
4 -.84 
5 -1.00 
6 .00 
7 -.53 
8 -.84 
Repeatability 
Intraclass Co r r e l a tion 
Pasture 
-11.49 
-4.47 
-2;41 
-1.18 
.oo 
.68 
. 42 
Remainder mean squares for model I and II are shown in table 13. 
Estimates of the among cow variance, within cow variance · plus year by 
cow within breed group interaction variance and repeatabil ities for 
the dependen t variables are given in table 14. Age of dam adjusted 
TABLE 13. MODEL I AND II REMAINDER MEAN SQUARES 
FOR DRYLOT MANAGED COWS 
Adjusted Adjusted 
Cow cow Weaning weaning 
Item efficienc~ efficienc~ weight weight 
df ms df ms df ms df ms df 
Model I 292 1.03 292 .99 300 477.3 300 508.9 297 
Model II 179 .79 179 .74 211 382.4 211 395.2 205 
-~ 
Total 
milk 
ms df 
21.9 298 
11.7 209 
AM 
milk 
ms 
13.1 
6.8 
.s:-
0 
TABLE 14. ESTIMATED VARIANCE COMPONENTS AND REPEATABILITIES 
FOR COW EFFICIENCY, WEANING WEIGHT, TOTAL MILK 
Item 
AND AM MILK OF DRYLOT COWS 
Among 
cow 
variance 
Within cow variance 
plus year by cow within 
breed variance Repeatability 
fj2 
41 
c 
( 2 2 2) 
Cow efficiency • 24 .79 .23 ± .06 
Adjusted cow 
efficiency .25 • 74 .25 ± .06 
Weaning weight 94.9 382.4 .20 ± .06 
Adjusted weaning 
weight 113.7 395.2 .22 ± .06 
Tota l milk 1 0.2 11.7 .47 ± .06 
AM milk 6.3 6.8 .48 ± .06 
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repeatabil i t ies for both cow efficiency (R = .25) and weaning weight 
(R = .22) wer e s lightly higher t han their respective unadjusted values 
(R = .23 and g20). This woul d be expected after removal of age of 
dam effects. The smal l incr ease would indicate that age of dam was 
I 
not an impo t an t f a ctor affect i ng repeatability of cow efficiency 
and weaning weight in t hese da ta. 
Previous estimates of the repeatability of cow efficiency are 
limited. Vanmiddlesworth et al. (1977) used the ratio of actual calf 
weight to actual cow weight to estimate repeatability of cow effi-
ciency . They reported the repeatability for this ratio as .33 and 
.45 for Angus and Hereford cows respectively. The estimate obtained 
in this study was not directly comparable to Vanmiddlesworth and 
coworkers ' estimate as the two estimates were of two separate but 
related t raits. As no other estimates of repeatability of cow effi-
ciency a r e ava i labl e, t he only method of estimating the validity of 
the cow effic iency estimate is to compare the estimated weaning weight 
repeatability to previously obtained values and then relate the preci-
sion of this estimate to cow efficiency. 
Repeatability value of .20 for weaning weight estimated in this 
study was lowe r t han p reviously reported values. Most previous esti-
mates have been obtained using Hereford cattle. Some reported values 
for repeatability of weaning weight of Herefords are .51 (Koger and 
Knox, 1947) ; .52 (Koch, 1951); .43 (Botkin and Whatley, 1953); .52 
(Sewell et al., 1963); .33 and .40 (Hohenboken and Brinks, 1971); and 
.44 (Kress and Burfening, 1972). 
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Fewer estimates have been obtained using Angus dams and are 
generally of lower magnitude than those for Herefords. Some reported 
values for r peatability of weaning weight for Angus cattle are .31 
(Berg , 1961 ) ~ .26 (Hohenboken and Brinks, 1969); .19 (Sellers et al., 
1970) ; and . 31 (Thompson and Marlowe, 1971). Several workers have 
directly compared repeatabilities of Hereford and Angus cows. 
Minyard and Dinkel (1965) reported values of .42 and .52 for Hereford 
and Angus r espectively. Boston et al. (1975) and Vanmiddlesworth 
et al. (197 7) concluded that Angus weaning weights were of lower 
.repeatability than Herefords after obtaining repeatability estimates 
of .27 and .25 for Angus and .50 and .35 for Hereford dams. Boston 
et al. (1975) suggested several reasons for differences in repeat-
ability between Hereford and Angus. They suggested that the lower 
repeatability may be due to the higher milking ability of the Angus 
or the tendency of Angus to crossfoster calves. Results from this 
study suggest that the latter explanation is not the primary reason 
for lower repeatability of Angus dams as cows and calves were main-
tained separate. However, the suggestion that higher milking cows 
are more susceptible to temporary environmental effects could still 
be a factor contributing to lower repeatability for weaning weight. 
The results of this study appear to support the conclusions that 
repeatability estimates for weaning weight are lower than generally 
accepted values . However, as repeatability was estimated over all 
breed groups it is difficult to ascertain whether Charolais dams 
follow the same trend as Angus. 
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Repeat bility of weaning weight has generally been estimated 
with cattle on a pasture feedi ng system. Therefore cow management 
was consider ed as another fac t or which may have resulted in low 
repeatabil i t y e stimates for weaning weight. Drylot management of 
cows may have introduced a source of variation unaccounted for in the 
analysis, thus biasing repeat ability . 
Remainder mean squares for model I and II for cows under 
pasture management are shown .in table 15 for weaning weight, total 
milk and am mil k. Estima ted variance components and repeatabilities 
for t he dependent variabl es are shown in table 16. These estimates 
indicate that repeat ab i lities of weaning weight, total milk and am milk 
were similar for both pasture and drylot management. These suggest 
management did not bias r epeatability estimated for cow efficiency. 
Another factor wh i ch may have biased repeatability was the use 
of half- sib dams within breeds. This r esults in a reduction of the 
addit ive variance expressed. This reduction would have the effect of 
reducing the repeatability as estimated by intraclass correlation by 
reducing the numerator proportionally more than the denominator. TQe 
extent of this reduction is not measurable without knowledge of the 
addit ive variance pr esent in the populat ion. 
The estimate of repeatability of weaning weight is lower in 
this study than most estimates available in the literature. Because 
weaning weight is a component of eff iciency one is tempted to assume 
therefore t hat the estimate of r epeatability of cow efficiency is also 
lower than the popul at ion parameter. 
TABLE 15 . MODEL I AND II REMAINDER MEAN SQUARES 
FOR PASTURE MANAGED COWS 
Adjusted 
Weaning weaning Total AM 
·:Item · weight weight milk milk 
df ms df ms df ms df ms 
Model I 268 364.8 268 349.4 272 27.6 272 12.0 
Model II 165 274.7 165 275.0 181 11.5 181 
TABLE 16. ESTIMATED VARIANCE COMPONENTS AND REPEATABILITIES 
FOR WEANING WEIGHT, TOTAL MILK AND AM MILK OF 
PASTURE COWS 
Among Within cow variance 
cow plus year by cow within 
5.7 
Item variance breed variance Repeatability 
a2 
45 
($~) 
c 
(82 + 82 ) 
e TC 
( c ) 
62 + 82 + 82 
c TC e 
Weaning weight 89.1 275.7 • 24 
Adjusted weaning 
we i ght 74.4 275.0 .21 
Total milk 16. 1 11.5 .58 
AM milk 6. 3 5.7 .53 
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Milk product ion was highly repeatable for total milk (.47) or 
am milk (s48) estimat es . Pastur e and drylot managements yielded 
similar results ( table 14 and 16). Repeatabilities for this study 
agree with previous es timat es f or dairy cattle: .50 and .54 (Butcher 
and Freeman, 1968) and . 47 (Oltenacu et al., 1979) and beef cattle: 
.38 (Rutledge ~ al., 1972) ; .48 (Neville et al., 1974) and .43 
(Dillard et al., 1978). 
This high repeatabil ity suggests that beef cattle might be 
accurat ely selected for milk production after one lactation. These 
est imates suggest that t here exists opportunity for the producer to 
select higher milking cows with reasonable accuracy. An increase in 
milk production could r esult in corresponding increases in calf wean-
ing weigh t s as Rutledge ~ al. (1971) indicated that 60% of the 
var iation i n calf weaning weight was due to the milk producing ability 
of the dam. 
Total milk and am milk were correlated (r = .85 and .94) for 
drylo t and pasture cows respectively. Due to the part-whole rela-
tionship which exists between total mi lk and am milk a high correla-
tion would be expected. However, this indicates that considerable 
savings of time and l abor could be achieved by using am milk to esti-
mate milk production wi thout much loss in accuracy. 
Princi pal Componen t 
Repeatabilities obtained by Abeywardena's method and Rutledge 's 
scaling are listed i n table 17. 
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TABLE 17. PRINCIPAL COMPONENT ESTIMATES OF REPEATABILITY 
Item .Abeywardena Rutledge's scaling 
Cow efficiency .29 .06 
Adjusted cow 
efficiency .29 .07 
Weaning weight .34 .12 
Adjusted weaning 
weight .33 .12 
Total milk .42 .24 
AM milk .40 .21 
If repeatability estimates are compared to literature values, 
as was done fo r intraclass correlation, then it appears that esti-
mates fo r weaning weight and milk production using Abeywardena's 
method are within the range of previously reported values. However, 
estimates ob t ained using Rutledge's scaling are considerably lower 
than previous estimates suggesting Rutledge's scaling was an inappro-
priate estimate for these data. 
Abeywardena and Rutledge based their estimates on equal numbers 
of observations per individual; however, there were unequal numbers 
per individual in this experiment. What effect this had on repeat-
ability estimates is difficult to ascertain. Further, Rutledge's 
scaling is dependent upon the number of observations per individual 
and unequal numbers may have contributed a bias which influenced 
estimates obtained by this procedure. 
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Direct comparison of Abeywardena's method and intraclass 
correlation shows that Abeywardena's estimates are higher for cow 
efficiency (. 29 vs •• 23 ) and weaning weight (.34 vs .20) and lower 
for total milk (.42 vs .47) and am milk (.40 vs .48). 
Abeywardena (1972) suggested that principal component analysis 
is a method of removing all periodic effects while intraclass corre-
lation may still be influenced by periodic components. If periodic 
elements are present then intraclass correlation estimates would be 
biased downward. It appears fr om these data that cow efficiency and 
weaning weight may have been affected by some unknown periodic ele-
ment which contributed to lower repeatability estimates by intraclass 
correlation. 
General Concl usions 
Cow efficiency to weaning appears to be a complex trait 
influenced by many different factors. Thes-e factors combine in a 
variety of ways to yield varying responses which result in a low 
estimate of the repeatability of cow efficiency. This results in 
several records being needed before superior animals can be accurately 
identified for cow efficiency. However, the repeatability of weaning 
weight estimated in this study was similar to that for cow efficiency 
and was lower tlmn most previously reported values. This suggests 
that the repeatability of weaning weight, and perhaps cow efficiency, 
was biased downward in this study. This bias may have been due to the 
use of half-sib dams. Evidence also suggests that Angus dams result 
in lower repeatability estimates for weaning weight. If the true 
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population parameter for the repeatability of cow effrciency parallels 
that for weaning weight, then the repeatability may be of sufficient 
magnitude to achieve sufficient accuracy of selection after a single 
record. However, further study of predictors of cow efficiency is 
suggested as maximum progress can not be achieved until superior ani-
mals are identified prior to their entering the breeding herd. 
Repeatability of estimators of milk production was high for 
these cattle. From these reP-eatability estimates it appears that 
higher milking cows could be accurately selected early in their pro-
duction lifetime. Further, results suggest that am milk would serve 
as an accurate predictor of milk yield with a considerable savings 
of time and labor over the total milk estimator. 
Principal component estimation is a quick and easy procedure 
to obtain repeatability estimates; however, further study is needed 
to determine the effects of unequal observations per individual on this 
procedure. 
50 
SUMMARY 
A total of 346 cow-calf r ecords collected over an 8-year period 
from 84 ind·." v J..dually fed Angus , Charolais and reciprocal cross cows 
were analyze d t o estimate repeatability for cow efficiency to weaning, 
weaning we:ip.;ht and milk production. Cow efficiency was defined as the 
ratio of cow and calf TDN intake to calf weaning weight. Weigh-suckle-
weigh p rocednres taken t wice daily four times throughout lactation 
were used t o estimat e tot a l milk, the sum of all morning and afternoon 
measures, and am milk, t he sum of only the morning measures. 
Cows weaning bull calves were 8.5% more efficient and weaned 
21 kg heavier calves (P<. Ol) than cows weaning heifer calves. Breed of 
dam had littl effect on cow efficiency and weaning weight. However, 
Angus dams produced 2 . 74 and 2.39 kg more milk (P<.Ol) than Charolais 
dams for total and am milk respectively . Cow efficiency and weaning 
weight were significantly affected by year, age of dam and calf age at 
weaning . In addition, cow condition was a significant source of varia-
tion fo r cow efficiency. 
Repea tability estimates of .23 ± .06, .20 ± .06, .47 ± .06 and 
.48 ± . 06 were obtained by intraclass correlation for cow efficiency, 
weaning weight, total milk and am milk respectively. Age of dam adjus t -
ments were app li~d to cow efficiency and we~ning weight and yielded 
similar rep eatabilit ies of . 25 ± .06 and .22 ± .06 respectively. Total. 
milk and am milk were highly correlated {r= .85) and had similar repeat-
abilities suggesting am milk as a more efficient estimator of milk 
production . 
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Repeat abilities were also estimated by principal component 
methods and es timates of .29, .34, .42 and .40 were obtained for cow 
eff iciency , weaning weight, total milk and am milk respectively. 
Principal component estimates may have been biased because of unequal 
numbers of observations per individual. 
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